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(57) ABSTRACT

A system and method for Service Interoperability in Ethernet
Passive Optical Network (SIEPON) energy saving statistics.
Energy saving statistics can be collected from a plurality of
subordinate nodes in a point-to-multipoint network through a
mechanism that aggregates energy saving statistics as those
energy saving statistics are reported upstream. Such aggrega-
tion of energy saving statistics can be advantageous in that the
aggregated energy saving information can appear uncorre-
lated to individual subordinate nodes. Privacy concerns are
thereby addressed.
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1
SYSTEM AND METHOD FOR SIEPON
ENERGY SAVING STATISTICS

This application claims priority to provisional application
No. 61/731,291, filed Nov. 29, 2012, which is incorporated
herein by reference in its entirety.

BACKGROUND

1. Field of the Invention

The present invention relates generally to networks and,
more particularly, to a system and method for Service
Interoperability in Ethernet Passive Optical Network
(SIEPON) energy saving statistics.

2. Introduction

Energy costs continue to escalate in a trend that has accel-
erated in recent years. Such being the case, various industries
have become increasingly sensitive to the impact of those
rising costs. One area that has drawn increasing scrutiny is the
IT infrastructure. Many companies are now looking at their I'T
systems’ power usage to determine whether the energy costs
can be reduced. For this reason, an industry focus on energy
efficient networks (IEEE 802.3az) has arisen to address the
rising costs of IT equipment usage as a whole (i.e., PCs,
displays, printers, switches, servers, network equipment,
etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner in which the above-recited
and other advantages and features of the invention can be
obtained, a more particular description of the invention
briefly described above will be rendered by reference to spe-
cific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered limiting of its scope, the invention
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which:

FIG. 1 illustrates an example of a point-to-multipoint com-
munication network.

FIG. 2 illustrates an example of an optical network unit
including an energy efficiency control system.

FIG. 3 illustrates an example of a receipt of a power saving
initiation command by the optical network unit.

FIG. 4 illustrates an example of a process of the present
invention.

DETAILED DESCRIPTION

Various embodiments of the invention are discussed in
detail below. While specific implementations are discussed, it
should be understood that this is done for illustration pur-
poses only. A person skilled in the relevant art will recognize
that other components and configurations may be used with-
out parting from the spirit and scope of the invention.

In a point-to-multipoint system such as an Ethernet passive
optical network (EPON), a single optical line terminal (OLT)
atahead end can be designed to communicate with a plurality
of optical network units (ONUs) at various end nodes. The
ONUs, which can also be referred to as customer nodes, can
be combined with other service-specific functions. For
example, the ONU can also be designed to include a control
CPU, a media converter, customer premises equipment, a
switch (e.g., for multiple dwelling unit (MDU) or small-
medium business (SMB) type ONUs), a gateway, or the like,
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2

which are configured to perform various service-specific
functions in delivering network services to one or more sub-
scribers.

In this point-to-multipoint topology, it is desired to gener-
ate energy saving statistics that reflect the level of energy
savings (or level of power usage) in all or part of the network.
Here, it is recognized that a subordinate node such as a cus-
tomer ONU can receive network services from a service
provider that operates the point-to-multipoint access net-
work. In this environment, privacy concerns can arise as
customers may not desire for anyone to have visibility into
their usage levels or patterns. Notwithstanding these privacy
concerns, the monitoring of energy saving statistics through-
out the point-to-multipoint network can provide valuable
information that can potentially be used to adjust or otherwise
impact the control and provisioning policy on the access
portion of the point-to-multipoint network.

It is therefore a feature of the present invention that energy
saving statistics can be collected from a plurality of subordi-
nate nodes in a point-to-multipoint network through a mecha-
nism that aggregates energy saving statistics as those energy
saving statistics are reported upstream. Such aggregation of
energy saving statistics can be advantageous in that the aggre-
gated energy saving information can appear uncorrelated to
individual subordinate nodes. Privacy concerns are thereby
addressed.

In one embodiment, a first node in a point-to-multipoint
transmission system can receive energy saving statistics from
each of a plurality of subordinate nodes that are downstream
from the first node. The first node can then determine aggre-
gated energy saving information that reflect the energy saving
statistics reported by each of the plurality of subordinate
nodes. The aggregated energy saving information can then be
reported to further upstream nodes, or can be presented to the
service provider. In an embodiment where privacy concerns
do not exist, then the aggregated energy saving information
can be forwarded or presented along with information that
enables correlation of the aggregated energy saving informa-
tion to individual subordinate nodes.

FIG. 1 illustrates an example of a point-to-multipoint com-
munication network. As would be appreciated, the number of
levels in the tree topology can be different in various appli-
cations. As illustrated in this example, the point-to-multipoint
network includes OLT 110 that communicates with a plural-
ity of ONUs 130 via a PON. The illustrated PON includes
splitter(s) 140, which enable a single feeder cable to be split
into multiple cables for coupling to a plurality of subordinate
nodes. In the illustrated example, OLT 110 is coupled to a
plurality of remote nodes (RNs) 120 via a splitter, while each
RN 120 is coupled to a plurality of ONUs 130 via a splitter.
Each ONU 130 can further interface with a non-PON domain
such as that supported by further coaxial cable, copper
twisted pair, fiber optic media, wireless, etc. network links.

Here, it should be noted that the PON domain can represent
an EPON such as that defined by IEEE 802.3, GPON, BPON,
xGPON, or NGPON defined by ITU-T, BIPON, or the like. In
general, the advantage of the PON is that it allows sharing of
the fiber optic plant by multiple network nodes. In the down-
stream direction, OLT 110 is configured to broadcast frames
containing packets to the ONUs that are responsible for
extracting the particular packets that are destined for that
location, while in the upstream direction the ONUs are
designed to transmit in a way to avoid collisions between the
packets using, for example, a time division multiple access
(TDMA) communication protocol. Here, it should be noted
that the PON domain can also be based on coaxial cabling
such as that provided by EPON over Coax (EPoC) systems.
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The example tree topology illustrated in FIG. 1 is sup-
ported by RNs 120. In general, RNs 120 can be part of the
PON domain and can be configured to monitor the incoming
frames’ header information to identity the destination MAC
address and Logical Link Identifier (LLID) of ONUs in its
subnet that allows RN 120 to filter and forward network traffic
appropriately. Here, a fixed processing delay can be imple-
mented at RN 120 for both downstream and upstream pass-
through traffic such that ranging in EPON will not be affected.

FIG. 2 illustrates an example of an ONU including an
energy efficiency control system as part of its service-specific
function. As illustrated, ONU 200 includes Line ONU 210. In
one example applied to IEEE 802.3 EPON, Line ONU 210
includes a physical layer device (PHY), PON media access
control (MAC), and extended PON protocols, which further
includes a lower layer Multi-Point Control Protocol (MPCP)
and a higher layer Operation, Administration and Mainte-
nance (OAM). In another example applied to ITU-T GPON,
the extended PON protocols includes a lower layer Physical
Layer Operations and Maintenance (PLOAM) and a higher
layer Operation Management Control Interface (OMCI). In
general, the extended PON protocols in ONU 200 is designed
to cooperate with corresponding extended PON protocols in
the OLT in providing end-to-end services.

As illustrated OAM 240 interacts with Line ONU 210 via
OAM client 220 and MAC Control Client 230. In general,
OAM 240 can facilitate discovery and registration, GATE
processing, and REPORT generation via MAC Control Client
230, and can facilitate alarms, statistics, provisioning,
authentication, Internet Group Management Protocol
(IGMP)/Multicast Listener Discovery (MLD), Simple Net-
work Management Protocol (SNMP), power saving and pro-
tection via OAM Client 220.

Finally, MAC Client 250 facilitates data services from Line
ONU 210 to a non-PON domain represented by energy effi-
ciency control system 260. As illustrated, energy efficiency
control system 260 facilitates a connection of ONU 200 to a
client-facing network. In one application (e.g., MDU/SMB),
the client-facing network can include a plurality of network
interfaces that are designed to support a plurality of sub-
scriber connections. Energy efficiency control system 260
can then be configured to distribute traffic received from the
access interface supported by Line ONU 210 to the plurality
of network interfaces, and aggregate traffic from the plurality
of network interfaces for delivery to the access interface
supported by Line ONU 210.

In addition to the energy savings that can be produced on
the network side by energy efficiency control system 260,
energy savings can also be produced on the upstream access
side. In one example, the OLT and ONU have a relationship
whereby the ONU is given an effective bandwidth and duty
cycle based on a process that can be managed by the Service
Interoperability EPON (SIEPON) protocol. As would be
appreciated, the effective bandwidth can be changed through-
out the life of the access link based on a number of factors
such as time of day, overall network demand, Service Level
Agreement (SLA) that the customer is holding, etc.

In another example, the SIEPON protocol can be used to
manage power savings in the optical interface at the ONU
through a power saving initiation command that can enable
the optical interface to cycle between a sleep mode and an
active mode. Here, the power saving initiation command can
be used to instruct the ONU to transition some of its sub-
systems in the transmit path and optionally in the receive path
to power down to save energy. In response to this power
saving initiation command, the ONU would be configured to
execute a series of power saving cycles, wherein each power
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saving cycle includes an active mode time period where all of
the subsystems are powered up and fully functional and a
sleep mode time period where some of the subsystems are
powered down to save energy.

FIG. 3 illustrates the power saving cycle in the access
portion of the ONU. As illustrated, the ONU can receive a
power saving initiation command from the OLT while in the
active mode where all of the subsystems are powered up.
After acknowledging the receipt of the power saving initia-
tion command, the ONU can then transition into a power
saving mode where the ONU will cycle between active mode
time periods and sleep mode time periods.

As the access portion of the ONU transitions between
modes such as the active mode and sleep mode, there can be
corresponding control of the burst mode optics of the laser in
the ONU. In one embodiment, the ONU can be configured to
determine the power consumption of the laser (or any other
component in the access or network portion of the ONU) in its
various operating states over various time periods. As would
be appreciated, the power consumption of the laser can rep-
resent a large (if not the largest component) of power con-
sumption in the access portion of the ONU.

In accordance with the present invention, energy saving
statistics can be generated by the ONU for upstream report-
ing. These energy saving statistics can then be used as part of
an energy saving (or power consumption) reporting to derive
the energy savings (or usage) of the ONU. In one example, the
energy saving statistics can be generated by the Line ONU to
identify the actual energy saving (or usage) performance of
the access portion of the ONU. In another example, the
energy saving statistics can be generated by the energy effi-
ciency control system on the network portion of the ONU.
Here, energy saving event data can be captured for a plurality
of'events that occurred in a particular measurement interval.

For example, LLine ONU can be designed to report the
number of energy saving events within the measurement
interval as well as the amount of time that one or more
components remained in the energy saving state during the
measurement interval. As would be appreciated, raw event
data or actual energy savings derived from the raw event data
can be collected for the reporting of energy saving statistics.
For example, an actual amount of energy saved for each
energy saving event can be determined by multiplying the
amount of time that the ONU remained in an energy saving
mode by an energy saving factor that defined an amount of
energy savings per unit of time. An aggregate amount of
energy saved can then be determined adding the amount of
energy saved for each of the energy saving events in a mea-
surement interval. As would be appreciated, further metrics
such as the average energy savings per event or per time
period can also be determined.

In one embodiment, the energy saving statistics can be
reported upstream using the SIEPON protocol. This reporting
mechanism enables a determination of an energy-saving
effectiveness of a particular ONU. Additionally, the energy
saving statistics can also be used as part of a debugging
feature in enabling the service provider to determine whether
an ONU is properly producing the expected energy savings.
Still further, the energy saving statistics can be used to affect
the control and provisioning policy of an ONU, subnet, or
other grouping of subordinate nodes, to ensure that optimal
network performance is occurring in the point-to-multipoint
network.

As noted, one of the concerns of reporting such energy
saving statistics upstream is the potential privacy concerns. It
is therefore a feature of the present invention that the report-
ing of energy saving statistics can be performed in an uncor-



US 9,197,506 B2

5

related manner. In one embodiment, the energy saving statis-
tics can be aggregated as they are reported upstream. For
example, each level (e.g., OLT or RN) of a tree or other
point-to-multipoint topology can be designed to aggregate
energy saving statistics that are received from a plurality of
subordinate nodes. As the aggregation would produce energy
saving statistics for a group of nodes, the aggregation would
effectively remove the ability for the service provider to cor-
relate an energy saving statistic to a particular subordinate
node.

Here, it should be noted that while aggregation of energy
saving statistics is useful even if no privacy concerns exist, the
aggregate energy saving statistics can also be supplemented
with correlating data that would enable the service provider to
correlate energy saving statistics with particular subordinate
nodes. For example, the node that aggregated the energy
saving statistics could retain the individually reported energy
saving statistics, or could include supplemental information
that could enable derivation of individual energy saving sta-
tistics from the aggregated energy saving statistics.

As noted, the aggregation of energy saving statistics can be
performed at each level of a point-to-multipoint network. It is
a further feature of the present invention that the existence of
such aggregation as part of a systematic and automated
energy saving reporting mechanism would enable a service
provider to identify energy saving performance for arbi-
trarily-defined groupings of nodes. For example, where a
subnet or other grouping of subordinate nodes existed in a
building, the aggregation of energy saving statistics for all
subordinate nodes in that building can be broken out as a
separate energy saving statistic as needed. This would enable
an energy saving performance to be determined for a particu-
lar building as compared to another building. As would be
appreciated, the determination of an aggregate energy saving
statistic of an arbitrarily defined grouping of subordinate
nodes enables greater visibility, debugging, management and
control over the operation of all or part of a point-to-multi-
point network. Here, the aggregation can also be designed to
shield visibility to the energy saving statistics of particular
subordinate nodes to ensure that any privacy concerns are
properly addressed.

Having described a general framework of energy saving
statistics reporting using SIEPON, reference is now made to
FIG. 4, which illustrates a flowchart of a process of the
present invention. As illustrated, the process begins at step
402 where energy saving statistics from a plurality of subor-
dinate nodes are received. As noted, the collection of energy
saving statistics can be performed by any node (e.g., OLT,
RN, etc.) that has a plurality of subordinate nodes down-
stream.

Next, at step 404, aggregate energy saving information is
determined using the energy saving statistics received from
the plurality of subordinate nodes. Here, it should be noted
that the aggregate energy saving information can represent a
simple aggregate where statistics generated by the plurality of
subordinate nodes are simply accumulated or otherwise com-
bined into an aggregate statistic In another example, the
aggregate energy saving information can be derived from the
energy saving statistics and be different in nature. For
instance, the energy saving statistics can represent raw event
data (e.g., number of events, energy savings per event, etc.),
while the aggregate energy saving information can represent
the total energy savings for a given measurement interval. In
general, the determination of aggregate energy saving infor-
mation is intended to reflect energy savings for a group of
subordinate nodes, rather than a single subordinate node.
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Next, at step 406, the aggregate energy saving information
is presented to a service provider. Here, it should be noted that
the presentation of the aggregate energy saving information
can be direct or indirect. Here, the aggregate energy saving
information can be provided to the service provider upon a
query to a specific node (e.g., OLT, RN, etc.) or can be
provided to the service provider through a further upstream
node. As an example of an indirect presentation, the aggregate
energy saving information can be generated in a RN, and
passed to an OLT where it is then presented to the service
provider as part of a broader report of energy savings in a
point-to-multipoint network. Here, the aggregate energy sav-
ing information generated by a RN can retain its value as a
separate statistic of a part of the point-to-multipoint network,
while addressing the privacy concerns of a particular subor-
dinate node.

Here, it should be noted that the process illustrated in the
flowchart of FIG. 4 can be used to generate input that can be
used in charting network performance, debugging operations,
control and provisioning, etc. within the point-to-multipoint
network. As such, it should be noted that the examples pro-
vided above are not intended to be limiting in the particular
application of the principles of the present invention.

Another embodiment of the invention may provide a
machine and/or computer readable storage and/or medium,
having stored thereon, a machine code and/or a computer
program having at least one code section executable by a
machine and/or a computer, thereby causing the machine
and/or computer to perform the steps as described herein.

These and other aspects of the present invention will
become apparent to those skilled in the art by a review of the
preceding detailed description. Although a number of salient
features of the present invention have been described above,
the invention is capable of other embodiments and of being
practiced and carried out in various ways that would be appar-
ent to one of ordinary skill in the art after reading the dis-
closed invention, therefore the above description should not
be considered to be exclusive of these other embodiments.
Also, it is to be understood that the phraseology and termi-
nology employed herein are for the purposes of description
and should not be regarded as limiting.

What is claimed is:

1. A method, comprising:

receiving, by a first node in a point-to-multipoint transmis-

sion system, energy saving statistics from each of a
plurality of subordinate nodes that are downstream from
said first node; and

determining aggregate energy saving information at said

first node using said energy saving statistics from each of
said plurality of subordinate nodes, said aggregate
energy saving information reflecting an aggregate
energy savings of said plurality of subordinate nodes;
and

transmitting said aggregate energy saving information to a

second node upstream of said first node, said transmitted
aggregate energy saving information enabling said sec-
ond node to identify an aggregate level of energy savings
in a group of nodes that includes said first node and said
plurality of subordinate nodes.

2. The method of claim 1, further comprising configuring
an operation of said second node based on a receipt of said
aggregate energy saving information.

3. The method of claim 1, wherein said receiving com-
prises receiving in a Service Interoperability in Ethernet Pas-
sive Optical Network (SIEPON).

4. The method of claim 1, wherein said energy saving
statistics include a level of power savings.
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5. The method of claim 4, wherein said energy saving
statistics reflect a level of power consumption of a laser.

6. The method of claim 4, wherein said energy saving
statistics are not correlated to identities of said plurality of
subordinate nodes.

7. The method of claim 1, wherein said aggregate level of
energy savings reflects an average power consumption in said
plurality of subordinate nodes.

8. The method of claim 1, wherein said transmitting com-
prises transmitting correlating information that enables said
aggregate energy saving information to be correlated with
individual subordinate nodes.

9. A method, comprising:

receiving, by a first node in a point-to-multipoint transmis-

sion system, energy saving statistics from each of a
plurality of subordinate nodes that are downstream from
said first node; and

determining aggregate energy saving information at said

first node using said energy saving statistics from each of
said plurality of subordinate nodes, said aggregate
energy saving information reflecting an aggregate
energy savings of said plurality of subordinate nodes;
and

presenting said aggregate energy saving information to a

service provider, said presented aggregate energy saving
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information enabling said service provider to identify an
aggregate level of energy savings in a group of nodes
that includes said first node and said plurality of subor-
dinate nodes.

10. The method of claim 9, further comprising configuring
an operation of a second node based on a receipt of said
aggregate energy saving information.

11. The method of claim 9, wherein said receiving com-
prises receiving in a Service Interoperability in Ethernet Pas-
sive Optical Network (SIEPON).

12. The method of claim 9, wherein said energy saving
statistics include a level of power savings.

13. The method of claim 12, wherein said energy saving
statistics reflect a level of power consumption of a laser.

14. The method of claim 12, wherein said energy saving
statistics are not correlated to identities of said plurality of
subordinate nodes.

15. The method of claim 9, wherein said aggregate level of
energy savings reflects an average power consumption in said
plurality of subordinate nodes.

16. The method of claim 9, wherein said presenting com-
prises presenting correlating information that enables said
aggregate energy saving information to be correlated with
individual subordinate nodes.
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